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efining 



Process Services 



I Mr. Rob Kinmm 

} Purvin & Qefts, Inc. 

Suite 1720. 144 - 4** Avenue 

Calgary, Alberta T2P3N4 

Canada 

Dear Rob; 

Please ftnd endoeed the reeutts of the Ensyn feed$tocAc study. The ^ materials 

used-tor £IU» dUudy are-tfgo on'tt o rf fn t h a fate mrf ng ffirt of hydrocarbon fa o ctetocte r - 

Properties are prcsrvlded In Table 1 tor eat;h of ma^e feedstoctcs. 



2. VQO from upgrade Kerrobert hftavy «ude (R244PL / RPS-6eiW> 

3. VGo from Alaskan North Stope<ANS)criideoU^KBR 

4. HydTotoeated VGO fcom A*abafics% bitumen (RPS^S^s) 

As Indicated In horn 4, XAK> matertal (mm Che Alhabasca bitumen (RPS-5B93) 
VMM processed in a bydnDtreating pilot plant at PARC TechnlcaJ Servloee in 
Pittsbungh. Peimsy)vanla. The reactor conditlcna are listed below: 

• ReactbrTen>pereture; 

• Reactor Preaaura: .1500 p^lg 

• Space VeJodt/; 0^5 

• HydroQen Rate: 3625 SCFB 

As a result of the rvydrotreattng. API gravity or the upfireded Atnaba$ca matenal 
w^3 ^r^rcesed Irom 14.2 to 22.4. At the same Ome. eu^r level >fv&s reduced by 
92.7% from 3-7 welQhi % to 0.27 weight %. Chemical hydrogen conswnption 
wae measured to be about 760 &CPB. Uquid product ^letd was 96.4 wetght % 
with the reminder gcflog to hydrogen sulfide end light 9€l&e$> 
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RefTnlng Process Servfctfa w P^gQ 2 

e«gh erf ^ t6ur faadfitocks was th^n evaluated fcr or^okfog charadertsttos by 
Microaottvlty (MAT) tdatiog. Th6 MAT tostmg was jserformed at the Kdbgg 
Browrt & Root (KBR> Terminology Center. The test condltteng were established 
by Relinino Process Services Qr>d ar^ outlined below, 

Rtoctfon Temperature: 1000F 
RunTime: aOSecronds 
Cat'-To^Oit Ratio: 4.5 
Caialy^ Eqidlibiium FCC Cetaty&t 

The reeuttd Of the MAT testing are presented in TeWe 2. Tne results indicate ihet 
the cracking oonverelon fcr the Athabaecd, Kerrot>ert and Alaskan North Siope 
(ANS) VGO semplas was approximately 63%, 66% and 73% on feed Weioht 
the dWerenoe in MAT conversfon revef between ANS and the upmaded 
feeo^toc^ WW less than antictpated i>dsed upon comparison of the meaeured 
anWne pofrn numbers. Tha ajH yfeld strucfura fs presented Ih the table for each 
of thefeedetocks. 

£3*e 2 incftwfes convei^/on end data tor Che hydwcreated Athabasca 
matftrtaL Retattve to tha ANS VGO. craddng conversion te inlgher for the 
^yt^tr^^rfed ma^ria^ at 74% on teod y*^^^^ Product yields af« stonffteamfy 
improved versus the raw Athabasca matenal and they are ev»n better than for 
the ANS VGO. 

OpcifcampieUQnoflheMAT testing, Rte«r«thff /=^rpceaa Sendee* 
one of a computer model dtudy to aal^mate the cracking char^cterte^ce of each 
^o^aatoc^ A ccwsmenaW PCC opmitj^n* -©ejected a base cmp for ar? 
operating FCC wrft the* typically cracks ANS VGO as part of a feedstock ttenO- 
the Sort sfA^ of tte study, ive Input maasu/M inspedion^ incktding an/lfna 
point into the model, In the paat, wa have found that anltlne point typteaHy 
eonralsies w;^ wtth cracking charactarfsBcs of a teed. Thef^for^, the /node? ha^ 
been tuned to rely t^vily on ttils factor and so tt is Important to provide an 
aocurata ^Brw point numlw. 

Results for stage one of the model study ate presented in Tables 3 and 3A. 
Table 3 prets^nts conversion and yleWs entirely on the b^sls of w^^jht % of fresh 
feed* Table 3A presents conven$1oo end yields on the b^sls of wetQht % for light 
pases and csoke and on tt>e basis ot volume % for liquid products. The resutis 
inotcate that pelleted cracking conversion for Ihe Athabasca and Ken^obert 
teedstocks was 21% and 16% on vduma lov^er than for the ANS VGO. CracKing 
conversion for the hydrotreaied Athabasca feedstock v»ras 5% on vo!umo lower 
than tor the ANS VGO, 

Conversion difference for me three £nsyn feedstocks relative to the ANS VQO 
was larger than anOcipated based upon connparlson wlthjthe MAT testing results. 
Poor cracking characteilsfics for the untreated fsads iteds to high coke ylQfd 
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Refining Process Sorvicefi ^ page 3 

f^^o to converslcwi. Thte res\Jil$ in hfgh res^nerator temporature and low 
c^tatyst^oM mtlo which further Itnr^ cracKing and occeloFQCeG cok© an4 light 
9a3 production. Therefore, we dosd^ examined the reported aniune point* for 
(ha Bisyn feoctetocks. Using a procedure outfined in thi appendix of report 
we esHmated aniline point for each material based ^ upon API gravity and 
dlAiillatkm data. Based upon this procedure, we eotimaked mat the aniftne point 
for the Athabasoai, Kerrobert and hydrotreated Athabdaca material would be 
closer to 13S*F, 144°F and 168T^, respeoSvc^y. Aniline points for the^e feedd 
were measured at 11 0<^. 119*F and 133«F, respectfvety. 

U&tng the calculated anUne points, wa completed a second stage of the FCC 
fWKlel sfmuiatJon atucft/. The redi^ for thfe portTOn of the aUidjr ar« presented In 
Tables 4 and 4A on a weight % and vx>1innia % basis, re^ecuvely^ The results of 
the second set of model sfniula&on runs fhdfcata that or^oKtng oonversfon wou(o 
increase by 5% to 6% on volume tor each £nsyn feedstock while the ANS VGO 
wotitd not change. Product yields jMr^ose eccorcfingfy and the resufts are now 
more in line with the cracKlrTg differences experienced via the MAT le&tfng. We 
belfave that the results presented in Tatties 4 and dA are much mors rvallstfc and 
shootd be used f^dstoc^ valuation purposes. 

In our oftolria) meetyno With Ensvn, It was r&portpd tftat the upflfadecl feedstocks 
shouM crack to q qr^afer extent thgrr wciw be apparent hy exeminin^ the 
phyalcat Inspections. iTi^ apoeaTs to t>e the case. The nydiocerbon 
oorapoaftfon data ^evteloped by Cone Labs indjcates mat the upgraded feeds 
coftejn close to 36^0 mono-afomattca trtus thiophene arbmatics- T^ese typcis of 
moiteaAe^ h»w mninoAnt amovnts of sfeig chains mvMmbf^ for c^tMnQ and 
tlr^refbre provide htefter teveia of convetclon and light liquid pnoducL 

At the bottom of each table are the value differentials Idetween VOiO and the 
ibn»e Ensyr> feedstocks JM»ed upon l^CC product vakje. The basis for mis 
calculation a set of recent product vakies for die U.S. Guff Coast 

Alter you have had a chance to raviaw the refiuite of th>3 analysis, please call If 
you have questions or wouk) (Ike to discuss the results tn moie detail We have 
er>foyQd the opportunity to work wtth you on this assignment arid hope that we 
might work together in the future. 



Sincerely, 




Dennis Kowalczyk 

Refining Process Services* Inc. 



En«yn Study F)f>ai Rep^n 
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Tobtft 1 
En«yii FQdd Study 



iD 



RPS No, 



API Gmvity 



SuffUr. 



Athabasca 



13.8 



DJsrrtlatlon Type: *F 



IBP 



5% 



10% 



20% 



30% 



3.93 



KerrobM 
Upgrade 



6994 



1S.8 



O110O 



619 



€G0 



ert 



6S« 




7D% 



ao% 



9S% 



6dG 



716 



742 



783 



821 



8Ga 



9oa 



937 



Total Nltrogeni ppm 



Basic Nitrogen, ppm 



?A/^cfi»^: pprrt 



Vanadium: ppm 



865 



170 



2382 



859 



NA 



639 



era 



701 



722 



751 



787 



ad? 



8S5 



ed3 



920 



90? 



f19 



iei7 



489 



NA 



o.e 



0.4 



Alaskan 
Norih Slope 



jNA 



21.7 



t.l 



piieo 



71« 



7S0 



706 



811 



€33 



884 



895 



934 



•073 



'168 



1500 



416 



10.7 



0.3B 



hfydrdtrsated 
Athabasca 
Upgrade 



NA 



5695 



0.27 



02887 



24S 



473 



546 



603 



841 



669 



726 



787 



611 



888 



910 



133.4 



1100 



NA 



NA 



NA 



NA 
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MAT Tftstfin^ RiiGulte | 

! 









i 

i 615 




Run Number 


ail 




614 


Cataiy^ Number 




04^2000 


p4J27/2000 
G-0392 






BBC f 


RPS-5G9a 






Co. Suppty^ns Fvedvtock 


RP&66d3 


RPS 


KP5 




0 


0 


0 


Cs»ty«t Charge (grams) 


4.5054 


4.5061 


4.5064 


4.5056 




1^0694 


1.0653 


* 9.0158 


1 


Catatyst^OII Ratio 


4Jt 


4.3 






l*reh(!s*> Tennpemtur» f *P) 


1015 


1015 


; 101s 


1015 


Bed Tamparatum CF) 


1000 


1000 


! 1000 


tooo 


ImIa^ YltriA /aaA\ 


3D 


30 


• 30 


30 


Oonvamion {Wt%) 


82-75% 








NormslizodVmfe 














0.13% 




0.19% 


0.13% 


: 0.17% 


0,24% 


CH* 


1>H% 


1.33% 


1,12% 


1.07% 




0-D0% 


0-00% 


0.00% 








1.05% 


! 0.fl7% 


0-&3% 




1.03% 


0.94% 


j 0.76% 


0.66% 


CaH4 


0,00% 


0.00% 


' 0,00% 


0.00% 




4.11% 


4.39% 


'■ 5.15% 


4.66% 




T.01% 


T,oe% 


1.16% 


1-01% 


C4H6 


0,00% 


0.00% 


\ 0.00% 


0.00% 


1-C»Ha 


0.80% 


1.02% 


! i.is% 


1,09% 




o.d&% 


0.92% 


1 1.05% 


0-63% 


c-2-C4Ha 


0.60% 


0.81% 


1 0.97% 


0.80% 




0.98% 


1.13% 


1 1,36% 


1-14% 




2.66% 


S.20% 


i 4.31% 


4,53Vo 




0,33% 


0.50% 


i 0.55% 


0.63% 


C5 ► «0T 


39.53% 


42.35% 


I 49.10% 


52-67% 


430*F-650'F 


23.29% 


22^0% 


1 18.75% 


16.92% 


660*F - 800«F 


10.71% 


9.03% 


6.06% 


5.27% 




3.24% 


2.76% 


i 2.17% 


1.74% 


Coke 


ST3% 


5,13% 


' 4.28% 


3.73% 


Material e^dnce 


37,33% 


95,03% 


' 96.59% 


97.10% 
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|Fm$h Podd Ratft: MBPD 


ANS V30 
\M% FF 


wniFF 


KT Athabasca 
PF 

68.6 


Wk%FP 
39.6 




|Fmh Food Ternponature 




503 
1609 


67f 
603 
1375 


071 1 
603 1 
1662 t 




1 Converftlon 


7^28 


&&.1& 


67,41 


G6.54 1 














4.14 
aG4 


&18 


4.53 


7.70 






0,18 


1.37 
0.21 


0.12 


1.10 

0.26 1 






1.35 


2.07 


i*es 


2,65 1 




1.00 


1,37 


1.31 


1.51 1 




t.or 


ZSS 


T-S3 


2.11 ' 


















SlSI 




4.41 










4.43 


3v55 


iH 




1,12 


a7i 


i 1.22 


0.66 




I 








8.86 


5.76 


6.38 


6.56 






1.47 


2.97 


3.B1 






0.22 


o.eo 


0.30 






4.07 


4.73 


4.44 1 
















25.57 


43.32 


32.0d . 1 




21.46 




27.56 


3t.75 1 


J ' HOGO -h DO (esa^^) 










p 
















S.50 


5.83 


5.63 


&.aa 1 














B ^ 


iPI Gravity . 


2K7 


13.S 


a2.A 


tS.5 ] 




niRne Point: *F (Measured) 


lea 


115 


133v4 


119.0 J 












1 Pmchjct Vatuoi $/BBl- 




^.00 


-0.70 


^3 I 
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Vor>t FF j VqI% ff 


; Vol% FF 


Vbt%FF 1 


f|Pr4«h PMd R4to: MBPO 


6S.C 


GOlS 


58.6 


d8.9 1 




Bisar Outlet T©nr)pemtUf» 


971 


fin 


fin 


871 j 


Prash Ffi«4 Tennparttture "F 


603 






603 




1334 


ieo9 


» 1375 


1S62 










T — ^ — ™ 

1 






CSonversion 


73.65 


6aoi 




57.58 






















4l53 


7. TO 






0.S4 


1.37 


0,12 


1.18 






0.18 


ast 


o.aa 


0.&5 






t.35 


2.67 


t.«5 


j 






1.00 


1.37 


1.31 


1,51 1 






1.07 




1.23 


2.11 
















Total 


6.41 


7,15 


j 10.01 


8.18 








6.79 


7-81 


8.84 






2.04 


1.36 




1,84 
















Total 




9^ 


, ia.o& 


11.07 


ll tsobutane 


4wM 


2.^40 


^ 4.86 


3.Z1 


[ 




1.08 


aas 


>,a7 


a53 


Total Butanes 


8.4a 


G.60 


T.I 3 


7.83 














5d.4d 






39.49 




20.7d 


14.74 


! 27.08 


aaoa 


1 HOGO DO (SSO-F+l 


e.37 




4.44 


io.3a 1 








1 








5.B3 


! 5.63 
















h 


\Pf <3rav«y 










P 


^lUinc pohn: T (Measured) 


189 


110 


\ 133,4 


110,0 1 








r 




1 ProdUcf VMjd: $^66L 


Bass 




-0.70 


.2,23._ _ i 
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Calculated toltine ^olnt - Wnk f^MUfte 



1 






1 


AN9 VQO 


VVt% FF 


: HTAlhabescfl 

Wk% FF 




g Fr9»h Foed Raift: MBPO 


eaa 


6B.e 




66.6 






arr 1 


» / 




j|]rr*Ah pMd Tempet^fe 








603 








i 1272 
















72.29 


SK. OR 


7^«o7 


60,79 1 














4L14 












1«40 








0,1 a 


OAT 










Z.t4 




1 .lw> 


[ ethytana 


1,00 




1.07 






f.07 
















|! Total 1 5.^ 




S-71 








<60 




] Prapane 


1.12 


0-7a 


1-11 


0-8d U 


I 
















0.83 








1,70 


3.07 


2_0& 1 




o.ea 






0,^ J 


J Total Butena$ 




4.68 


6.01 


5-12 i 














4«.47 




46.27 


37.29 \ 


). LX^GO (430690^ 




31.09 


3^.19 


»,26 J 


1 HOQQ DO (e50*F+) 


6.26 


13^ 


4.14 


10JM ~| 














5.50 


5.66 




5.46 


i 










I^PT Gravft/ fFeefl 




ma 


22.4 




i)Mtin0 Point T (Calc.) 




135.0 


. ISS.'O 


144.0 J 








— 








^2.50 


-t-0,20 
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Tahiti 4A 



1 


AN& VGO 


FF 


HP Attabasoa 


KerrQbert 
Vdttft FF 


u Fmm Feed Rate: MBPD 


Gaff 






6d.e 


IRlMr CMI^ TonripaniXura *F 






ert 


. 971 




S03 






fiO^ 






14^4 




1383 















73.66 


S7.45 


74.26 














HIP^ and UQntsr, Wl% FF 


4.13 


( e.7d 




6,05 


rirs ' — 


0.S4 


1.40 


0.13 


i.as 


B M 


o.ia 


ai7 


O.Td 








ai4 


1.21 






t.oo 


1.19 


f 

! 1,07 


1.30 










1.57 1 




1 






■ 1 vw** 




7.33 


10.10 


8.fl7 1 








, 9» to 






2.04 


1.40 


2.00 










.1 




















5.01 


3k37 




1.08 


0,41 








8.46 


7.60 


ao7 

i 


a27 














sa46 


^©,71 




4fii.57 




2a 78 


30,6S 


] 22.20 


27.70 1 


1 HCGkO + DO (K50T'+') 


5.37 


11.70 


: 3.S5 


9.32 1 












coke, Wt% FF 




5.68 


; 6.33 


6.46 j 












Up/ ^m«*fy (^''ewO 




raff 






AniMne Poinft: "F (C«Ic.) 




136.0 


tsa.o 


144.0 
















^.50 




^£.23 
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APPENDIX 



Mo 
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A^MO^)M/lTe f*ftOP€l%Tltt9 OF PetBOUEUM FpACTlOMS 




MO . 



>4« 



200 — 



icp ■ 



*QO — ; 



j; ANIUN£ a 
J POINT', «C>o — = 



CHAf)ACTC8lZATtDN 



40O 



TOO 




MOO 
;000. 

MO 



800 



— WW? 



3 



40O 



> 



Cf^CfiS <HE4.T Of 

IOC 



PSEUDO AT I ATM, wOuECULAft 
CftlTlCAU STU/CB wEifiKT 
PRESSURE, 
PS(A 



300 



A SfRAlSMT LINC CONNttTl»«& ANf TWO PflOPfeftTiCS 



lOO 



A-lI 
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